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MULTI-LAYER LAMINATED CIRCUIT BOARD 

TECHNICAL FIELD 

The present invention relates to a multi-layer laminated 
5 circuit board in the field of semiconductor technology^ more 
specifically, relates to that having an in-built multi-layer 
transformer in which a coil and core are formed by stacking sheets 
having electromagnetic characteristics . 

10 BACKGROUND ART 

In recent years, multi-layer transformers have attracted 
attention that are thin, small, and lightweight in accordance 
with rapid advances in the miniaturization of electronic devices. 
Fig. 13 is a disassembled perspective view of a stacked body of 

15 a conventional multi-layer transformer. Fig. 14 is a vertical 
cross-sectional view along the line XIV- XIV in Fig. 13 after 
stacking. The description below is based on Figs. 13 and 14. 

A conventional multi-layer transformer 80 comprises 
primary-winding magnetic sheets 82b and 82d on which primary 

20 windings 81a and 81c are formed, secondary-winding magnetic sheets 
82c and 82e on which secondary windings 81b and 81d are formed, 
and magnetic sheets 82a and 82g that hold the magnetic sheets 
82b to 82e from both sides. 

Furthermore, a magnetic sheet 82f for improving the magnetic 

25 saturation characteristic is inserted between the magnetic sheet 
82e and magnetic sheet 82g. The magnetic sheets 82a to 82e are 
provided with through-holes 90, 91, and 92 that connect the primary 
windings 81a and 81c and through-holes 93, 94, and 95 that connect 
the secondary windings 81b and 81d. The lower face of the magnetic 

30 sheet 82a is provided with primary-winding external electrodes 
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96 and 97 and secondary-winding external electrodes 98 and 99. 
The through-holes 90 to 96 are filled with a conductor. The 
magnetic sheets 82a to 82g are the core of the multi-layer 
transformer 80. 

5 Further, Fig. 13 and 14 are schematic diagrams and, therefore, 

strictly speaking, the number of windings of the primary windings 
81a and 81c and secondary windings 81b and 81d and the positions 
of the through-holes 90 to 96 do not correspond in Fig. 13 and 
14. 

10 On the primary side of the multi-layer transformer 80, the 

current flows in the order of the external electrode 96, 
through-hole 92, primary winding 81c, through-hole 91, primary 
winding 81a, through-hole 90, and then the external electrode 

97 or in the reverse order. On the other hand, on the secondary 
15 side of the multi-layer transformer 80, the current flows in the 

order of the external electrode 99, the through-hole 95, the 
secondary winding 81d, the through-hole 94, the secondary winding 
81b, the through-hole 93, and then the external electrode 98 or 
in the reverse order. The current flowing through the primary 

20 windings 81a and 81c produces a magnetic flux 100 (Fig. 14) in 
the magnetic sheets 82a to 82g. The magnetic flux 100 produces 
an electromotive force corresponding with the winding ratio in 
the secondary windings 81b and 81d. The multi-layer transformer 
80 operates thus. 

25 Here, supposing that the self-inductance of the primary 

windings 81a and 81c is LI, the self-inductance of the secondary 
windings 81b and 8 Id is L2, the mutual inductance of the primary 
windings 81a and 81c and the secondary windings 81b and 81d is 
M, and a magnetic coupling coefficient k is defined by the following 

30 equation: 



2 



PCT/JP2003/12431 



k = |M| //" (LI • L2) (k^l) 

The magnetic coupling coefficient k is one of the indicators 
of the transformer function and the larger the magnetic coupling 
5 coefficient k, the smaller the leakage magnetic flux (leakage 
inductance) becomes and, therefore, the power conversion 
efficiency is high. 

Problem to solved 
10 Themulti-layer transformer 80 is mounted on a printed wiring 

board as an individual component, for example. However, it is 
becoming more and more difficult for such prior art to respond 
to demand for further reductions in the size of electronic 
equipment . 

15 Further, in themulti-layer transformer 80, a magnetic layer 

(the magnetic sheets 82c to 82e) is formed between the primary 
windings 81a, 81c and secondary windings 81b, 81d, causingmagnetic 
flux leakage 86 (Fig. 14) , and hence it is not possible to obtain 
a sufficient electromagnetic coupling coefficient k. To solve 

20 this problem, a technique (referred to hereafter as a "conventional 
multi-layer transformer") has been considered whereby a 
dielectric layer (not shown) is provided on the primary windings 
81a, 81c and secondary windings 81b, 81dby means of screen printing 
or paste coating such that themagneticpermeability of the magnetic 

25 layer is reducedby the substances which diffuse from the dielectric 
layer. 

However, in this conventional multi-layer transformer, 
conductive substances (Ag particles, for example) may diffuse 
from the primary windings 81a, 81c and secondary windings 81b, 
30 81d onto the dielectric paste coated on the primary windings 81a, 
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81c and secondary windings 81b, 81d, leading to a decrease in 
the insulating property between the primary windings 81a, the 
primary windings 81c, the secondary windings 81b, and the secondary 
windings 81d. This is because the paste takes a liquid form due 
5 to an organic solvent or the like, for example, and hence substances 
diffuse easily therefrom. 

Moreover, when a dielectric layer is provided in order to 
reduce magnetic flux leakage, the gap between the primary windings 
81a, 81c and secondary windings 81b, 81d corresponds to "the 

10 magnetic layer + the dielectric layer", and therefore widens. 
As a result, magnetic flux becomes more likely to leak into the 
gap, causing the electromagnetic coupling coefficient k to 
decrease. Therefore, with this conventional multi-layer 
transformer, it is extremely difficult to increase the 

15 electromagnetic coupling coefficient k. 

Object of the Invention 

It is therefore a principal object of the present invention 
to provide a technique for realizing a further decrease in the 
20 size of electronic equipment by maximizing the advantages of a 
small, light, thin multi-layer transformer. A further object 
of the present invention is to provide a multi-layer transformer 
in which an electromagnetic coupling coefficient can be increased 
while maintaining an insulating property between windings. 

25 

DISCLOSURE OF THE INVENTION 

A multi-layer laminated circuit board according to the 
present invention comprises: an in-built multi-layer 
transformer formed by laminating a magnetic sheet, a primary 
30 winding and a secondary winding, and a dielectric sheet constituted 

4 
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by a non-magnetic body; and a wiring sheet formed with a circuit 
pattern. In a preferred embodiment, the wiring sheet may be 
laminated onto an upper surface or a lower surface of the 
multi-layer transformer, or the multi-layer transformer may be 
5 provided on a part of the wiring sheet . The multi-layer laminated 
circuit board may further comprise a multi-layer part sheet formed 
with a multi-layer part, or a thick film, a passive chip element, 
and an active chip element may be mounted on a top surface thereof. 
In this case, either the thick film, or the passive chip element, 

10 or the active chip element may be mounted on the top surface - 
Note that here, the "non-magnetic body" is a substance having 
a smaller magnetic permeability than at least the magnetic sheet. 
The "dielectric sheet" is a sheet having a greater resistivity 
than at least the magnetic sheet, and may be referred to as either 

15 a dielectric sheet or an insulating sheet. 

In the prior art, the multi-layer transformer is mounted 
on a printed wiring board as an individual component. However, 
limits have been reached in reducing the size of the multi-layer 
transformer package and reducing the amount of wiring between 

20 the multi-layer transformer and other components. Hence, in the 
present invention the multi-layer transformer is incorporated 
into the multi-layer laminated circuit board. As a result, the 
multi-layer laminated circuit board is packaged, and therefore 
the multi-layer transformer package is omitted. Moreover, wiring 

25 can be provided in the lamination direction, leading to a reduction 
in the surface area occupied by the wiring, and therefore the 
wiring between the multi-layer transformer and other components 
can be reduced to a minimum. 

The multi-layer transformer that is incorporated into the 

30 multi-layer laminated circuit board in a preferred embodiment 
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of the present invention is constituted by the following laminated 
body. This laminated body comprises: a first magnetic sheet; 
a first dielectric sheet laminated onto the first magnetic sheet 
and constituted by a non-magnetic body having a through hole formed 
5 in the center thereof ; a first winding positioned around the through 
hole on the first dielectric sheet and constituted by one or both 
of a primary winding and a secondary winding; a second magnetic 
sheet laminated onto the first winding so as to contact the first 
magnetic sheet on a peripheral edge of and through the through 

10 hole in the first dielectric sheet; a second dielectric sheet 
laminated onto the second magnetic sheet and constituted by a 
non-magnetic body having a through hole formed in the center 
thereof; a second winding positioned around the through hole on 
the second dielectric sheet and constituted by the other of, or 

15 both of, the primary winding and the secondary winding; and a 
third magnetic sheet laminated onto the second winding so as to 
contact the second magnetic sheet on a peripheral edge of and 
through the through hole in the second dielectric sheet . Further, 
the multi-layer transformer is preferably formed by laminating 

20 together a plurality of these laminated bodies such that the third 
magnetic sheet, excluding the third magnetic sheet on an upper 
end, doubles as the first magnetic sheet of the laminated body 
thereabove, and through holes respectively connecting the 
plurality of primary windings to each other and the plurality 

25 of secondary windings to each other are preferably provided in 
the magnetic sheets and dielectric sheets. 

The dielectric sheet has the following advantages over a 
dielectric layer which is formed by coating the winding with a 
dielectric paste. (1) The dielectric sheet takes a solid form 

30 rather than a paste form and therefore has a uniform film thickness 
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regardless of the presence or absence of a winding. As a result, 
a sufficient film thickness can be secured even in the parts where 
a winding is present. (2) Since the dielectric sheet is not in 
paste form, very little matter diffuses from the windings. As 
5 a result, the insulating property between the primary windings 
and between the secondary windings does not deteriorate. 

Further, a through hole is preferably formed in the center 
of the dielectric sheet, and the dielectric sheet is preferably 
formed to be smaller than the magnetic sheets. Thus, when the 

10 dielectric sheet is sandwiched between the pair of magnetic sheets, 
the magnetic sheets contact each other in the center and on the 
peripheral edge of the dielectric sheet such that the magnetic 
sheets form a core. Since the dielectric sheet is interposed 
between the primary winding and secondary winding, an excellent 

15 insulating property can be realized. 

The multi-layer transformer incorporated into the 
multi-layer laminated circuit board in a preferred embodiment 
of the present invention comprises: a dielectric sheet 
constituted by a non-magnetic body having a through hole formed 

20 in the center thereof; a first winding positioned on one surface 
of the dielectric sheet and around the through hole , and constituted 
by one or both of a primary winding and a secondary winding; a 
second winding positioned on the other surface of the dielectric 
sheet and around the through hole, and constituted by the other 

25 of, or both of, the primary winding and the secondary winding; 
and a pair of magnetic sheets sandwiching the dielectric sheet, 
the first winding, and the second winding, and contacting each 
other on a peripheral edge of and through the through hole in 
the dielectric sheet. 

30 The dielectric sheet may be constituted by a single sheet 
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or a plurality of laminated sheets. By disposing the primary 
winding and secondary winding so as to face each other on either 
side of the dielectric sheet, a primary winding and a secondary 
windingmay be disposed alternately on one surf ace of the dielectric 
5 sheet , and a primary winding and a secondary winding may be disposed 
alternately on the other surface of the dielectric sheet. When 
a plurality of dielectric sheets are provided, a plurality of 
primary windings and secondary windingsmay be provided on opposite 
sides of the dielectric sheets. In this case, through holes 
10 connecting the primary windings to each other and connecting the 
secondary windings to each other may be provided in the dielectric 
sheets. 

In the conventional multi-layer transformer, a magnetic 
layer is formed between the primary winding and secondary winding, 

15 and as a result, the electromagnetic coupling coefficient is 
reduced by magnetic flux leakage into the magnetic layer. Hence, 
in the multi-layer transformer of the present invention, a 
non-magnetic layer (the dielectric sheet) is formed between the 
primary winding and secondary winding. However, a core is not 

20 formed simply by forming a non-magnetic layer, and therefore a 
through hole is provided in the center of the dielectric sheet, 
and the pair of magnetic sheets are caused to contact each other 
through the through hole and on the peripheral edge of the 
dielectric sheet, thereby forming a core. Thus, in the 

25 multi-layer transformer of the present invention, a non-magnetic 
layer (the dielectric sheet ) is formed between the primary winding 
and secondary winding, and as a result, magnetic flux leakage 
can be suppressed. Moreover, in contrast to the conventional 
multi-layer transformer, there is no need to form a dielectric 

30 layer by coating the primary winding and secondary winding with 
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a dielectric paste, and hence the insulating property between 
the primary windings and between the secondary windings does not 
deteriorate and the gap between the primary winding and secondary 
winding does not widen . 
5 In a preferred embodiment, the multi-layer transformer may 

further comprise a magnetic frame aligned with the peripheral 
edge of the dielectric sheet and a magnetic core aligned with 
the through hole, and the pair of magnetic sheets may sandwich 
the dielectric sheet and contact each other via the magnetic frame 

10 and magnetic core. In this case also, the dielectric sheet may 
be constituted by a single sheet or a plurality of (laminated) 
sheets. When a plurality of dielectric sheets are provided, a 
plurality of primary windings and secondary windings are provided 
on either side of the dielectric sheets. In this case, through 

15 holes connecting the primary windings to each other and connecting 
the secondary windings to each other may be provided in the 
dielectric sheets . 

The dielectric sheet is preferably sandwiched between the 
first magnetic sheet and second magnetic sheet, and the primary 

20 winding and secondary winding are preferably positioned 

respectively on either surface of the dielectric sheet. The 
magnetic frame is aligned with the peripheral edge of the dielectric 
sheet, and the magnetic core is aligned with the through hole 
in the center of the dielectric sheet . Thus there is little sagging 

25 in the pair of magnetic sheets on the peripheral edge and in the 
center of the dielectric sheet. As a result, the pair of magnetic 
sheets do not have to be bent to a great extent, and therefore 
manufacture is easy. Moreover^ a magnetic path having a 
sufficient sectional area can be secured, leading to an improvement 

30 in the magnetic saturation characteristic. This action becomes 
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more striking as the number of laminated dielectric sheets 
increases . 

In particular, by matching the thickness of the magnetic 
frame (the sum total thereof when a plurality of magnetic frames 
5 are provided) , the thickness of the magnetic core (the sum total 
thereof when a plurality of magnetic cores are provided) , and 
the thickness of the dielectric sheet (the sum total thereof when 
a plurality of dielectric sheets are provided) , an extremely even 
multi-layer transformer is obtained. Thus, when a wiring sheet 

10 is laminated onto the multi-layer transformer, warping of the 
wiring sheet can be suppressed, leading to an improvement in the 
reliability of the wiring sheet. 

In a preferred embodiment, the magnetic frame and magnetic 
core may be connected to each other via a support portion to form 

15 a magnetic sheet. In this case, the magnetic frame and magnetic 
core can be formed simultaneously, and positioning thereof during 
lamination can also be performed simultaneously. 

The multi-layer transformer incorporated into the 
multi-layer laminated circuit board in a preferred embodiment 

20 of the present invention comprises: a composite sheet having 
a magnetic pattern in the center and on the peripheral edge thereof, 
and a dielectric pattern constituted by a non-magnetic body in 
parts other than the center and the peripheral edge; a first winding 
positioned on one surface of the dielectric pattern and around 

25 the center, and constituted by one or both of a primary winding 
and a secondary winding; a second winding positioned on the other 
surface of the dielectric pattern and around the center, and 
constituted by the other of, or both of, the primary winding and 
the secondary winding; and a pair of magnetic sheets sandwiching 

30 the composite sheet, the first winding, and the second winding, 

10 
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and contacting each other via the magnetic patterns. 

The composite sheet may be constituted by a single sheet 
or a plurality of laminated sheets. By disposing the primary 
winding and secondary winding so as to face each other on either 
5 side of the dielectric pattern on the composite sheet, a primary 
winding and a secondary winding may be disposed alternately on. 
one surface of the composite sheet, and a primary winding and 
a secondary windingmay be disposed alternately on the other surface 
of the composite sheet. When a plurality of composite sheets 

10 are provided, a plurality of primary windings and secondary 
windings may be provided on opposite sides of the composite sheets . 
In this case, through holes connecting the primary windings to 
each other and connecting the secondary windings to each other 
may be provided in the composite sheets. 

15 In the conventional multi-layer transformer, a magnetic 

layer is formed between the primary winding and secondary winding, 
and as a result, the electromagnetic coupling coefficient is 
reduced by magnetic flux leakage into the magnetic layer. Hence, 
in the multi-layer transformer of the present invention, a 

20 non-magnetic layer (the dielectric pattern) is formed between 
the primary winding and secondary winding. However, a core is 
not formed simply by forming a non-magnetic layer, and therefore 
magnetic patterns are provided in the center and on the peripheral 
edge of the composite sheet, and the pair of magnetic sheets are 

25 caused to contact each other through the magnetic patterns , thereby 
forming a core. Thus, in the multi-layer transformer of the 
present invention, a non-magnetic layer (the dielectric pattern) 
is formed between the primary winding and secondary winding, and 
as a result magnetic flux leakage can be suppressed. Moreover, 

30 in contrast to the conventional multi-layer transformer, there 
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is no need to form a dielectric layer by coating the primary winding 
and secondary winding with a dielectric paste, and hence the 
insulating property between the primary windings and between the 
secondary windings does not deteriorate and the gap between the 
5 primary winding and secondary winding does not widen . 

In a preferred embodiment, the aforementioned composite 
sheet may be interposed between the primary winding or secondary 
winding and the magnetic sheet. This composite sheet acts to 
enhance the insulating property of the primary winding or secondary 
10 winding. 

In a preferred embodiment, the film thickness of the magnetic 
patterns may be equal to the film thickness of the dielectric 
pattern on the composite sheet. In this case, the film thickness 
of the composite sheet is constant in all locations, and therefore 
15 the pair of magnetic sheets sandwiching the composite sheet are 
also even. Thus, when a wiring sheet is laminated onto the 
multi-layer transformer, warping of the wiring sheet can be 
suppressed, leading to an improvement in the reliability of the 
wiring sheet. 

20 According to the multi-layer laminated circuit board of 

the present invention, the multi-layer transformer is in-built, 
and therefore a multi-layer transformer package can be omitted 
and the wiring between the multi-layer transformer and other 
components can be reduced to aminimum. As a result, the advantages 

25 of a small, light, thin multi-layer transformer can be maximized, 
enabling a further decrease in the size of electronic equipment. 

According to the multi-layer transformer in the multi-layer 
laminated circuit board in a preferred embodiment of the present 
invention, the windings are disposed on the dielectric sheet, 

30 and hence the film thickness of the dielectric layer can be secured 

12 
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sufficiently even in the parts where the windings are present. 
Moreover, the dielectric sheet takes a solid form rather than 
a paste form, and hence very little matter is diffused from the 
winding into the dielectric sheet. As a result, the insulating 
5 property between the primary windings and between the secondary 
windings does not deteriorate. Accordingly, a great improvement 
in the insulating property between the windings can be achieved - 
Furthermore, the dielectric sheet having a through hole formed 
in its center is sandwiched between the pair of magnetic sheets 

10 such that the magnetic sheets contact each other in the center 
and on the peripheral edge of the dielectric sheet, and therefore 
the core constituted by the magnetic sheets has a simple 
constitution and can be formed by means of a straightf orwardmethod. 

According to the multi-layer transformer in the multi-layer 

15 laminated circuit board in a preferred embodiment of the present 
invention, the dielectric sheet is provided between the primary 
winding and secondary winding and a through hole is provided in 
the center of the dielectric sheet such that the pair of magnetic 
sheets contact each other through the through hole and on the 

20 peripheral edge of the dielectric sheet, thereby forming a core. 
As a result, a multi-layer transformer having a non-magnetic layer 
between the primary winding and secondary winding can be realized, 
and therefore magnetic flux leakage can be suppressed. Moreover, 
in contrast to the conventional multi-layer transformer, there 

25 is no need to form a dielectric layer by coating the primary winding 
and secondary winding with a dielectric paste, and hence the 
insulating property between the primary windings and between the 
secondary windings does not deteriorate and the gap between the 
primary winding and secondary winding does not widen. As a result, 

30 the electromagnetic coupling coefficient can be increased while 

13 
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maintaining the insulating property between the windings. In 
addition, the insulating property between the primary winding 
and the secondary winding is enhanced by the interposition of 
the dielectric sheet in place of the conventional magnetic sheet. 
5 In addition, according to the multi-layer transformer in 

the multi-layer laminated circuit board in a preferred embodiment 
of the present invention, by having the pair of magnetic sheets 
which sandwich the dielectric sheet contact each other on the 
peripheral edge of and through the through hole in the dielectric 
10 sheet, the magnetic sheets themselves function as a magnetic core 
and a magnetic frame, and therefore the number of components can 
be reduced. 

According to the multi-layer transformer in the multi-layer 
laminated circuit board in a preferred embodiment of the present 

15 invention, the magnetic frame is aligned with the peripheral edge 
of the dielectric sheet, the magnetic core is aligned with the 
through hole in the center of the dielectric sheet, and the magnetic 
frame and magnetic core are sandwiched between the pair of magnetic 
sheets. As a result, bending of the magnetic sheets on the 

20 peripheral edge and in the center of the dielectric sheet can 
be reduced. Hence, there is little or no need to bend the magnetic 
sheets, and therefore manufacture can be made easier. Moreover, 
a magnetic path having a sufficient sectional area can be secured, 
enabling an improvement in the magnetic saturation 

25 characteristic. 

According to the multi-layer transformer in the multi-layer 
laminated circuit board in a preferred embodiment of the present 
invention, the magnetic frame and magnetic core are connected 
via a support portion to form a magnetic sheet, and hence the 

30 magnetic frame and magnetic core can be formed simultaneously, 

14 
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and positioning thereof during lamination can also be performed 
simultaneously. Thus manufacture can be made easier. 

According to the multi-layer transformer in the multi-layer 
laminated circuit board in a preferred embodiment of the present 
5 invention, the dielectric pattern of the composite sheet is formed 
between the primary winding and secondary winding, the magnetic 
patterns are formed in the center and on the peripheral edge of 
the composite sheet, and the pair of magnetic sheets contact each 
other through the magnetic patterns to form a core. As a result, 

10 a multi-layer transformer having a non-magnetic layer between 
the primary winding and secondary winding can be realized, and 
magnetic flux leakage can be suppressed. Moreover, in contrast 
to the conventional multi-layer transformer, there is no need 
to form a dielectric layer by coating the primary winding and 

15 secondary winding with a dielectric paste, and hence the insulating 
property between the primary windings and between the secondary 
windings does not deteriorate and the gap between the primary 
winding and secondary winding does not widen. As a result, the 
electromagnetic coupling coefficient can be increased while 

20 maintaining the insulating property between the windings. In 
addition, the insulating property between the primary winding 
and the secondary winding is enhanced by the interposition of 
the dielectricpattern inplace of the conventional magnetic sheet . 

Further, by forming the dielectric pattern and magnetic 

25 patterns on a single composite sheet, the number of sheets can 
be reduced and the laminationmethodcanbe simplified in comparison 
with a case in which a dielectric sheet constituted by a dielectric 
body alone and a magnetic sheet constituted by a magnetic body 
alone are laminated to form an identical structure. 

30 In addition, according to the multi-layer transformer in 
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the multi-layer laminated circuit board in a preferred embodiment 
of the present invention, by interposing an identical sheet to 
the aforementioned composite sheet between the primary winding 
or secondary winding and the magnetic sheet, the primary winding 
5 or secondary winding can be electrically protected, and hence 
the insulating property can be enhanced. 

According to the multi-layer transformer in the multi-layer 
laminated circuit board in a preferred embodiment of the present 
invention, the film thickness of the magnetic patterns and the 

10 film thickness of the dielectric pattern are equal, and therefore 
the film thickness of the composite sheet is constant in all 
locations. As a result, the pair of magnetic sheets sandwiching 
the composite sheet can be made even, and hence a circuit pattern 
or the like can be formed on the magnetic sheets with a high degree 

15 of precision. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an exploded perspective view showing a first 

embodiment of a multi-layer laminated circuit board according 
20 to the present invention, and Fig, 2 is a longitudinal sectional 

view taken along a line II-II in Fig, 1 following lamination; 

Fig . 3 is a partial sectional view showing a second embodiment 

of themulti-layer laminated circuit board according to the present 

invention, and Fig. 4 is a process drawing illustrating a 
25 manufacturing method for the multi-layer laminated circuit board 

of Fig. 1; 

Fig. 5 is an exploded perspective view showing a third 
embodiment of the multi-layer laminated circuit board according 
to the present invention, and Fig. 6 is a longitudinal sectional 
30 view taken along a line VI-VI in Fig. 5 following lamination; 
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Fig. 7 is an exploded perspective view showing a fourth 
embodiment of the multi-layer laminated circuit board according 
to the present invention, and Fig. 8 is a longitudinal sectional 
view taken along a line VIII-VIII in Fig. 7 following lamination; 
5 Fig. 9 is an exploded perspective view showing a fifth 

embodiment of the multi-layer laminated circuit board according 
to the present invention, and Fig. 10 is a longitudinal sectional 
view taken along a line X-X in Fig, 9 following laminations- 
Fig. 11 is an exploded perspective view showing a sixth 
10 embodiment of the multi-layer laminated circuit board according 
to the present invention, and Fig. 12 is a longitudinal sectional 
view taken along a line XII-XII in Fig. 11 following lamination; 

Fig. 13 is an exploded perspective view showing a 
conventional multi-layer transformer, and Fig. 14 is a 
15 longitudinal sectional view taken along a line XIV-XIV in Fig. 
13 following lamination. 

BEST MODES FOR CARRYING OUT THE INVENTION 

Fig. 1 is an exploded perspective view showing a first 

20 embodiment of a multi-layer laminated circuit board according 
to the present invention. Fig. 2 is a longitudinal sectional 
view taken along a line II-II in Fig. 1 following lamination. 
The following description is based on these drawings. 

A multi-layer laminated circuit board lOA according to this 

25 embodiment is formed by laminating in sequence a multi-layer 
transformer 10, a multi-layer part sheet 30 on which a multi-layer 
part is formed, and a wiring sheet 50 on which a circuit pattern 
is formed. In the multi-layer laminated circuit board lOA, the 
multi-layer transformer 10 is in-built, and therefore a package 

30 for the multi-layer transformer 10 is omittedand the wiring between 
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the multi-layer transformer 10 and other components is reduced 
to a minimum. The reason for this is that the entire multi-layer 
laminated circuit board lOA is packaged, and therefore a package 
for the multi-layer transformer 10 is not required. Further, 
5 since wiring can be provided in the lamination direction, the 
surface area occupied by the wiring is reduced, and hence the 
wiring between the multi-layer transformer 10 and other components 
is reduced to a minimum. Moreover, the multi-layer transformer 
10 may be provided on a part of the wiring sheet, as in a third 

10 embodiment to be described below. 

The multi-layer transformer 10 comprises a laminated body 
15a. The laminated body 15a is constituted by: a magnetic sheet 
11a; a primary winding dielectric sheet 13a laminated onto the 
magnetic sheet 11a and constituted by a non-magnetic body having 

15 a through hole 12a formed in the center; a primary winding 14a 
positioned around the through hole 12a on the dielectric sheet 
13a; a magnetic sheet lib laminated onto the primary winding 14a 
so as to contact the magnetic sheet 11a on the peripheral edge 
of the dielectric sheet 13a and through the through hole 12a 

20 therein; a secondary winding-forming dielectric sheet 13b 
laminated onto the magnetic sheet lib and constituted by a 
non-magnetic body having a through hole 12b formed in the center; 
a secondary winding 14b positioned around the through hole 12b 
on the dielectric sheet 13b; and a magnetic sheet 11c laminated 

25 onto the secondary winding 14b so as to contact the magnetic sheet 
lib on the peripheral edge of the dielectric sheet 13b and through 
the through hole 12b therein. 

Further, the magnetic sheets 11a, lib and dielectric sheets 
13a, 13b are provided with through holes 15, 16 for connecting 

30 the primary winding 14a and through holes 17, 18 for connecting 
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the secondary winding 14b. Primary winding external electrodes 
19, 20 and secondary winding external electrodes 21, 22 are provided 
on the upper surface of the wiring sheet 50. Conductive bodies 
are inserted into the through holes 15 to 18. The magnetic sheets 
5 11a to 11c form the core of the multi-layer transformer 10. 

The multi-layer part sheet 30 shown in the drawing is a 
low-pass filter for blocking high-frequency noise using the 
secondary winding 14b. More specifically, the multi-layer part 
sheet 30 comprises a dielectric sheet 13c for enhancing electric 

10 andmagnetic insulation with regard to the multi-layer transformer 
10, a multi-layer inductor 32 constituted by magnetic sheets lid, 
lie and a coil winding 31, and a multi-layer capacitor 34 
constituted by a high-permittivity dielectric sheet 13d and 
parallel plate electrodes 33a, 33b. A current flowing through 

15 the coil winding 31 generates magnetic flux 35 (Fig. 2) on the 
magnetic sheets lid, lie. A voltage applied between the parallel 
plate electrodes 33a, 33b causes a charge to accumulate in the 
parallel plate electrodes 33a, 33b. 

The wiring sheet 50 is constituted by a dielectric sheet 

20 13e serving as an insulating substrate, and the external electrodes 
19 to 22 of the multi-layer transformer 10, a wiring line 51, 
a component land 52, a laminated resistor 53, and so on formed 
on the upper surface of the dielectric sheet 13e. A chip component 
54 (Fig. 2) and so on are mounted on the component land 52. 

25 Note that Figs . 1 and 2 are schematic diagrams, and therefore 

the number of turns and positions of the primary winding 14a, 
secondary winding 14b, and coil winding 31 , as well as the positions 
of the wiring line 51, component land 52, laminated resistor 53, 
and so on, do not correspond exactly between Figs. 1 and 2. 

30 Furthermore, in Fig. 2 the film thickness direction (up-down 
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direction) is enlarged to a greater extent than the width direction 
(left-right direction) . 

On the primary side of the multi-layer transformer 10, 
current flows in a sequence of external electrode 19 —> through 
5 hole 15 primary winding 14a — > through hole 16 — > external 
electrode 20, or in a reverse sequence thereto. Meanwhile, on 
the secondary side of the multi-layer transformer 10, current 
flows in a sequence of external electrode 21 through hole 17 
secondary winding 14b -> through hole 18 — > coil winding 31 

10 through hole 23 — > external electrode 22, or in a reverse sequence 
thereto. The current flowing through the primary winding 14a 
generates magnetic flux 24 (Fig. 2) in the magnetic sheets 11a 
to 11c. The magnetic flux 24 generates an electromotive force 
corresponding to the turns ratio in the secondary winding 14b. 

15 Thus the multi-layer transformer 10 functions. Note that the 
magnetic flux 24 does not interfere with the magnetic flux 35 
due to the interposition of the dielectric sheet 13c. 

The dielectric sheets 13a and 13b enhance the insulating 
property of the primary winding 14a and secondary winding 14b. 

20 Principally, the dielectric sheet 13a enhances the insulating 
property between the primary winding 14a and the outside, while 
the dielectric sheet 13b enhances the insulating property between 
the primary winding 14a and secondary winding 14b. 

In the multi-layer transformer 10, the primary winding 14a 

25 is disposed on thedielectric sheet 13a, while the secondary winding 
14b is disposed on the dielectric sheet 13b . The dielectric sheets 
13a, 13b have the following advantages over a dielectric layer 
which is formed directly on a winding by coating the winding with 
a dielectric paste. (1) The dielectric sheet takes a solid form 

30 rather than a paste form and therefore has a uniform film thickness 
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regardless of the presence or absence of a winding. As a result, 
a sufficient film thickness can be secured even in the parts where 
a winding is present. For convenience, in Fig. 2 the dielectric 
sheets 13a, 13b are shown to be indented beneath the primary 
5 windings 14a and secondary windings 14b. In actuality, however, 
the film thickness of the dielectric sheets 13a, 13b is uniform 
regardless of the presence or absence of a winding, as shown in 
Fig. 3. (2) Since the dielectric sheet is not in paste form, 
very little matter diffuses from the primary winding 14a and 

10 secondary winding 14b. As a result, the insulating property 
between the primary windings 14a and between the secondary windings 
14b does not deteriorate. 

Note that by forming both the primary winding 14a and the 
secondary winding 14b on the dielectric sheet 13a, the magnetic 

15 sheet 11c and dielectric sheet 13b can be omitted. Furthermore, 
a dielectric sheet may be interposed between the dielectric sheet 
13b and the magnetic sheet 11c to enhance the insulating property 
between the secondary winding 14b and the outside. 

Fig . 3 is a partial sectional view showing a second embodiment 

20 of the multi-layer laminated circuit board according to the present 
invention. The following description is based on this drawing . 
Note, however, that identical reference symbols have been 
allocated to parts that are identical to those of Figs. 1 and 
2, and description thereof has been omitted. 

25 A multi-layer transformer 60 in the multi-layer laminated 

circuit board of this embodiment is constituted by further 
laminating laminated bodies 15b, ... onto the laminated body 15a. 
The magnetic sheet 11c is shared by both of the laminated bodies 
15a and 15b. Similarly to the laminated body 15a, the laminated 

30 body 15b comprises magnetic sheets 11c, llf, llg, dielectric sheets 
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13f, 13g, a primary winding 14c, and a secondary winding 14d- 
Further, although not shown in the drawing, through holes 
connecting the primary windings 14a, 14c ... to each other and through 
holes connecting the secondary windings 14b, 14d, ... to each other 
5 are provided in the magnetic sheets 11a, ... and dielectric sheets 
13a, .... 

The dielectric sheets 13a, ... enhance the insulating property 
of the primary windings 14a, 14c and secondary windings 14b, 14d. 
Principally, the dielectric sheet 13a enhances the insulating 

10 property between the primary winding 14a and the outside, the 
dielectric sheet 13b enhances the insulating property between 
the primary winding 14a and the secondary winding 14b^ the 
dielectric sheet 13f enhances the insulating property between 
the secondary winding 14b and the primary winding 14c, and the 

15 dielectric sheet 13g enhances the insulating property between 
the primary winding 14c and the secondary winding 14d. The 
multi-layer transformer 60 of this embodiment exhibits similar 
actions and effects to the multi-layer transformer 10 of the first 
embodiment . 

20 Examples of the actual dimensions of each constitutional 

element will now be given. The magnetic sheets 11a, ... have a 
film thickness of SO^im, a width of 8mm, and a depth of 6mm. The 
dielectric sheets 13a, ... have a film thickness of 40nm, a width 
of 7mm, and a depth of 5mm- The primary windings 14a, ... and 

25 secondary windings 14b, ... have a film thickness of 12|ain, a line 
width of 200|Jin, and a line spacing of 150|Jm. A practical number 
of laminated sheets constituting the multi-layer transformer 10, 
60 is approximately 10 to 50 sheets. 

Fig. 4 is a process drawing illustrating a manufacturing 

30 method for the multi-layer laminated circuit board of Fig. 1. 
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The following description is based on Figs. 1 and 4. 

First, a magnetic slurry is created (step 61) . The magnetic 
material is an Ni-Cu-Zn type, for example. Next, a magnetic sheet 
is molded by mounting the magnetic slurry on a PET (polyethylene 
5 terephthalate) film using a doctor blade method (step 62) . Next, 
the magnetic sheet is cut to obtain the magnetic sheets 11a to 
lie (step 63) . A low-permittivity, non-magnetic slurry and a 
high-permittivity, non-magnetic slurry are then created 
separately in a similar fashion (step 64) . A non-magnetic sheet 

10 is molded by mounting the non-magnetic slurries on a PET film 
using a doctor blade method (step 65) . Next, the non-magnetic 
sheet is cut to obtain the dielectric sheets 13c to 13e (step 
66) . The dielectric sheets 13c, 13e have a low permittivity, 
while the dielectric sheet 13d has a high permittivity. 

15 Separately, a low-permittivity, non-magnetic paste (glass 

paste) is created (step 67) . Next, the dielectric sheets 13a, 
13b are created by mounting the non-magnetic paste onto a PET 
film using a screen printing method (step 68) . Next, the through 
holes 15, ... are formed in the dielectric sheets 13a to 13e and 

20 magnetic sheets 11a to lie by pressing or the like (step 69) . 
Next, the laminated resistor 53 is formed by screen-printing a 
resistive paste onto the dielectric sheet 13e alone (step 70) . 
Next, an Ag type conductive paste is screen-printed to form the 
primary winding 14a and secondary winding 14b, the coil winding 

25 31, the wiring line 51, the component land 52, and so on, and 
also to fill the through holes 15, ... with a conductive body (step 
71) . 

Next, the magnetic sheets 11a to lie and dielectric sheets 
13a to 13e obtained in the step 71 are peeled away from the PET 
30 films and laminated together, whereupon the sheets are adhered 
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tightly using isostatic pressing to form the multi-layer laminated 
circuit board lOA (step 72) . The multi-layer laminated circuit 
board lOA is then cut into a predetermined size (step 73) . Finally, 
co-firing is performed at approximately 900°C (step 74) . 
5 Note that the manufacturing method for the multi-layer 

laminated circuit board of this embodiment applies to each of 
the following embodiments. Hence, description of the 
manufacturing method has been omitted from the following 
embodiments . 

10 Fig. 5 is an exploded perspective view showing a third 

embodiment of the multi-layer laminated circuit board according 
to the present invention. Fig, 6 is a longitudinal sectional 
view taken along a line VI-VI in Fig. 5 following lamination. 
The following description is based on these drawings. 

15 A multi-layer laminated circuit board 100 according to this 

embodiment is constituted by laminating a multi-layer transformer 
110 onto a wiring sheet 101 formed with a circuit pattern. In 
the multi-layer laminated circuit board 100, the multi-layer 
transformer 110 is in-built, and therefore a package for the 

20 multi-layer transformer 110 is omitted and the wiring between 
the multi-layer transformer 110 and other components is reduced 
to a minimum. Note that the wiring sheet 101 may be laminated 
onto the multi-layer transformer 110 in a similar fashion to the 
first embodiment described above. 

25 The wiring sheet 101 is constituted by a large number of 

laminated dielectric sheets 102a, 102b, 102c, .... External 
electrodes 122 to 125 of the multi-layer transformer 110, a wiring 
line 103, a component land 104, a laminated resistor 105, and 
so on are formed on the upper surface of the uppermost dielectric 

30 sheet 102a. A chip component 106 (Fig. 6) and so on are mounted 
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on the component land 104. A wiring line 107, a through hole 
108, a laminated resistor 109, and so on are formed on the internal 
dielectric sheets 102b, 102c, ... (Fig. 6) . Although not shown 
in the drawing, a multi-layer capacitor and a multi-layer inductor 
5 are also formed on the wiring sheet 101. 

The multi-layer transformer 110 comprises: a primary 
winding dielectric sheet 113 constituted by a non-magnetic body 
having a through hole Ilia formed in the center and a primary 
winding 112 formed on the periphery of the through hole Ilia; 

10 a secondary winding dielectric sheet 115 laminated onto the 

dielectric sheet 113 and constituted by a non-magnetic body having 
a through hole 111b formed in the center and a secondary winding 
114 formed on the periphery of the through hole 111b; and magnetic 
sheets 116, 117 sandwiching the dielectric sheets 113, 115 and 

15 contacting each other at the peripheral edges of the dielectric 
sheets 113, 115 and through the through holes Ilia, 111b therein. 

Further, the dielectric sheets 113, 114 and the magnetic 
sheet 116 are provided with through holes 118, 119 for connecting 
the primary winding 112 and through holes 120, 121 for connecting 

20 the secondary winding 114. Primary winding external electrodes 
122, 123 and secondary winding external electrodes 124, 125 are 
provided on the lower surface of the magnetic sheet 116. 
Conductive bodies are inserted into the through holes 118 to 121. 
The magnetic sheets 116, 117 form the core of the multi-layer 

25 transformer 110. 

Note that Figs . 5 and 6 are schematic diagrams, and therefore 
the number of turns and positions of the primary winding 112 and 
secondary winding 114, as well as the positions of the through 
holes 118 to 121, wiring line 103, component land 104, laminated 

30 resistor 105, and so on, do not correspond exactly between Figs. 
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5 and 6. Furthermore, in Fig. 6 the film thickness direction 
(up-down direction) is enlarged to a greater extent than the width 
direction (left-right direction) . 

On the primary side of the multi-layer transformer 110, 
5 current flows in a sequence of external electrode 122 through 
hole 118 -> primary winding 112 —> through hole 119 —> external 
electrode 123, or in a reverse sequence thereto. Meanwhile, on 
the secondary side of the multi-layer transformer 110, current 
flows in a sequence of external electrode 124 —> through hole 

10 120 — > secondary winding 114 —> through hole 121 — > external 

electrode 125, or in a reverse sequence thereto. The current 
flowing through the primary winding 112 generates magnetic flux 
126 (Fig. 6) in the magnetic sheets 116, 117. The magnetic flux 
126 generates an electromotive force corresponding to the turns 

15 ratio in the secondary winding 114. Thus the multi-layer 
transformer 110 functions. 

In the multi-layer transformer 110, a non-magnetic layer 
(the dielectric sheet 115) is formed between the primary winding 
112 and secondary winding 114, and therefore magnetic flux leakage 

20 can be suppressed. Moreover, in contrast to the conventional 
multi-layer transformer, there is no need to form a dielectric 
layer by coating the primary winding 112 and secondary winding 
114 with a dielectric paste, and hence the insulating property 
between the primary windings 112 andbetween the secondary windings 

25 114 does not deteriorate and the gap between the primary winding 
112 and secondary winding 114 does not widen. As a result, the 
electromagnetic coupling coefficient k can be increased while 
maintaining the insulating property between the windings. In 
addition, the insulating property between the primary winding 

30 112 and the secondary winding 114 is enhanced by the interposition 
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of the dielectric sheet 115. 

The multi-layer transformer 110 of this embodiment is 
suitable for a case in which there is a small number of laminated 
dielectric sheets 113, 114. The reason for this is that when 
5 • the number of laminated dielectric sheets 113, 114 is small, the 
curvature at the bending portions of the magnetic sheets 116, 
117 decreases, and therefore manufacture is easy and the magnetic 
layer has a sufficient thickness at the center and peripheral 
edges thereof. 

10 Note that by forming the primary winding 112 and secondary 

winding 114 on either side of the dielectric sheet 115, the 
dielectric sheet 113 may be omitted. The secondary winding 114 
may be formed on the magnetic sheet 117 instead of the dielectric 
sheet 115- A dielectric sheet may be interposed between the 

15 secondary winding 114 and the magnetic sheet 117 for enhancing 
the insulating property of the secondary winding 112. When a 
plurality of dielectric sheets are laminated, magnetic sheets 
may be interposed in certain locations. The dimensions of each 
constitutional element correspond to those of a fourth embodiment 

20 to be described below. 

Fig. 7 is an exploded perspective view showing a fourth 
embodiment of the multi-layer laminated circuit board according 
to the present invention. Fig. 8 is a longitudinal sectional 
view taken along a line VIII-VIII in Fig. 7 following lamination. 

25 The following description is based on these drawings. 

The multi-layer laminated circuit board of this embodiment 
is identical to those of the first and third embodiments except 
for a multi-layer transformer 130. Hence, only the multi-layer 
transformer 130 will be described. 

30 The multi-layer transformer 130 comprises: a primary 
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winding dielectric sheet 133 constituted by a non-magnetic body 
having a through hole 131a formed in the center and a primary 
winding 132a formed on the periphery of the through hole 131a; 
a primary winding dielectric sheet 134 constituted by a 
5 non-magnetic body having a through hole 131b formed in the center 
and a primary winding 132b formed on the periphery of the through 
hole 131b; a secondary winding dielectric sheet 137 laminated 
onto the dielectric sheet 133 and constituted by a non-magnetic 
body having a through hole 135a formed in the center and a secondary 

10 winding 136a formed on the periphery of the through hole 135a; 
a secondary winding dielectric sheet 138 laminated onto the 
dielectric sheet 134 and constituted by a non-magnetic body having 
a through hole 135b formed in the center and a secondary winding 
136b formed on the periphery of the through hole 135b; magnetic 

15 frames 139a, 139b aligned with the peripheral edges of the 

dielectric sheets 133, 134, 137, 138; magnetic cores 140a, 140b 
aligned with the through holes 131a, 131b, 135a, 135b; andmagnetic 
sheets 141, 142 sandwiching the dielectric sheets 133, 134, 137, 
138 and contacting each other via the magnetic frames 139a, 139b 

20 and magnetic cores 140a, 140b, 

Further, the magnetic frame 139a and magnetic core 140a 
are connected by four support portions 143a to form a magnetic 
sheet 144. The magnetic frame 139b and magnetic core 140b are 
connected by four support portions 14 3b to form a magnetic sheet 

25 145. A secondary winding-protecting dielectric sheet 147 having 
the same size as the dielectric sheet 137 and formed with a through 
hole 146a in its center is interposed between the dielectric sheet 
137 and magnetic sheet 144. A secondary winding-protecting 
dielectric sheet 148 having the same size as the dielectric sheet 

30 138 and formed with a through hole 14 6b in its center is interposed 
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between the dielectric sheet 138 and magnetic sheet 145. Here, 
the term "winding protecting" means enhancing the insulating 
property of the winding. 

The dielectric sheets 133, 134, 137, 147 and the magnetic 
5 sheet 141 are provided with through holes 149, 150, 151 for 
connecting the primary windings 132a, 132b. The dielectric sheets 
133, 134, 137, 138, 147 and the magnetic sheet 141 are provided 
with through holes 152, 153, 154 for connecting the secondary 
windings 136a, 136b. Primary winding external electrodes 155, 
10 156 and secondary winding external electrodes 157, 158 are provided 
on the lower surface of the magnetic sheet 141 . Conductive bodies 
are inserted into the through holes 149 to 154. The magnetic 
sheets 141, 142, 144, 145 form the core of the multi-layer 
transformer 130. 

15 Note that Figs . 7 and 8 are schematic diagrams , and therefore 

the number of turns in the primary windings 132a, 132b and secondary 
windings 136a, 136b and the positions of the through holes 149 
to 154 do not correspond exactly between Figs . 7 and 8 . Furthermore, 
in Fig. 7 the film thickness direction (up-down direction) is 

20 enlarged to a greater extent than the width direction (left-right 
direction) . 

Examples of the actual dimensions of each constitutional 
element will now be given. The magnetic sheets 141, 142, 144, 
145 have a film thickness of 100|im, a width of 8mm, and a depth 

25 of 6mm. The dielectric sheets 133, 134, 137, 138, 147, 148 have 
a film thickness of 33|Jm, a width of 7mm, and a depth of 5mm. 
The primary windings 132a, 132b and secondary windings 136a, 136b 
have a film thickness of 15Mm and a line width of 200|xm. A practical 
number of laminated sheets constituting the multi-layer 

30 transformer 110, 130 is approximately 10 to 50 sheets. 
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On the primary side of the multi-layer transformer 130, 
current flows in a sequence of external electrode 156 — > through 
hole 151 primary winding 132a -> through hole 150 — > primary 
winding 132b —> through hole 149 -> external electrode 155, or 
5 in a reverse sequence thereto. Meanwhile, on the secondary side 
of the multi-layer transformer 130, current flows in a sequence 
of external electrode 157 —> through hole 154 -> secondary winding 
136a —> through hole 153 — > secondary winding 136b — > through hole 
152 -> external electrode 158, or in a reverse sequence thereto. 

10 The current flowing through the primary windings 132a, 132b 
generates magnetic flux 159 (Fig. 8) in the magnetic sheets 141, 
142, 144, 145. The magnetic flux 159 generates an electromotive 
force corresponding to the turns ratio in the secondary windings 
136a, 136b- Thus the multi-layer transformer 130 functions. 

15 In the multi-layer transformer 130, a non-magnetic layer 

(the dielectric sheets 134, 137, 138, 147) is formed between the 
primary windings 132a, 132b and secondary windings 136a, 136b, 
and therefore magnetic flux leakage can be suppressed. Moreover, 
in contrast to the conventional multi-layer transformer, there 

20 is no need to forma dielectric layer by coating the primary windings 
132a, 132b and secondary windings 136a, 136b with a dielectric 
paste, and hence the insulating property between the primary 
windings 132a, the primary windings 132b, the secondary windings 
136a, and the secondary windings 136b does not deteriorate, and 

25 the gaps between the primary windings 132a, 132b and the secondary 
windings 136a, 136b do not widen. As a result, the electromagnetic 
coupling coefficient k can be increased while maintaining the 
insulating property between the windings. In addition, the 
insulating property between the primary windings 132a, 132b and 

30 the secondary windings 136a, 136b is enhanced by the interposition 
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of the dielectric sheets 137, 138. 

The multi-layer transformer 130 of this embodiment is 
suitable for a case in which there is a large number of laminated 
dielectric sheets 133, .... The reason for this is that even though 
5 the number of laminated dielectric sheets 133, ... is large, the 
magnetic frames 139a, 139b are aligned with the peripheral edges 
of the dielectric sheets 133, ... and the magnetic cores 140a, 140b 
are aligned with the through holes 131a, and therefore the 
magnetic sheets 141, 142 exhibit almost no bending. As a result, 

10 manufacture is easy and the magnetic layer has a sufficient 
thickness at the center and peripheral edge thereof. 

Note that the magnetic frame 139a and magnetic core 140a 
may be provided separately rather than being j oined by the support 
portions 143a. This applies similarly to the magnetic frame 139b 

15 and magnetic core 140b- The dielectric sheets 147, 148 may be 
omitted. Only one of themagnetic sheets 144 , 145 needbe provided. 

Fig. 9 is an exploded perspective view showing a fifth 
embodiment of the multi-layer laminated circuit board according 
to the present invention. Fig. 10 is a longitudinal sectional 

20 view taken along a line X-X in Fig. 1 following lamination. The 
following description is based on these drawings. 

The multi-layer laminated circuit board of this embodiment 
is identical to those of the first and third embodiments except 
for a multi-layer transformer 210. Hence, only the multi-layer 

25 transformer 210 will be described. 

The multi-layer transformer 210 comprises: a composite 
sheet 214a constituted by a central magnetic pattern 211a and 
a peripheral edge magnetic pattern 212a formed respectively in 
the center and on the peripheral edge thereof, and a non-magnetic 

30 dielectric pattern 213a formed in the parts other than the center 
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and peripheral edge; a composite sheet 214b constitutedby a central 
magnetic pattern 211b and a peripheral edge magnetic pattern 212b 
formed respectively in the center and on the peripheral edge thereof^ 
and a non-magnetic dielectric pattern 213b formed in the parts 
5 other than the center and peripheral edge; a primary winding 215a 
positioned on one surface of the dielectric pattern 213a around 
the center thereof; a secondary winding 215b positioned on one 
surface of the dielectric pattern 213b around the center thereof; 
and a pair of magnetic sheets 216a, 216b sandwiching the composite 

10 sheets 214a, 214b, the primary winding 215a, and the secondary 
winding 215b and contacting each other via the central magnetic 
patterns 211a, 211b and peripheral edge magnetic patterns 212a, 
212b. In other words, it can be said that the primary winding 
215a is positioned on the other surface of the dielectric pattern 

15 213b and the secondary winding 215b is positioned on the first 
surface of the dielectric pattern 213b. 

Further, the composite sheets 214a, 214b and magnetic sheet 
216a are provided with through holes 218, 219 for connecting the 
primary winding 215a and through holes 220, 221 for connecting 

20 the secondary winding 215b. Primary winding external electrodes 
222, 223 and secondary winding external electrodes 224, 225 are 
provided on the lower surface of the magnetic sheet 216a. 
Conductive bodies are inserted into the through holes 218 to 221. 
The central magnetic patterns 211a, 211b, peripheral edge magnetic 

25 patterns 212a, 212b, and magnetic sheets 216, 217 form the core 
of the multi-layer transformer 210. 

Note that Figs . 9 and 10 are schematic diagrams, and therefore 
the number of turns in the primary winding 215a and secondary 
winding 215b, as well as the positions of the through holes 218 

30 to 221, do not correspond exactly between Figs. 9 and 10. 
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Furthermore, in Fig. 10 the film thickness direction (up-down 
direction) is enlarged to a greater extent than the width direction 
(left-right direction) . 

On the primary side of the multi-layer transformer 210, 
5 current flows in a sequence of external electrode 222 — > through 
hole 218 primary winding 215a -> through hole 219 external 
electrode 223, or in a reverse sequence thereto. Meanwhile, on 
the secondary side of the multi-layer transformer 210, current 
flows in a sequence of external electrode 224 — > through hole 

10 220 secondary winding 215b — > through hole 221 —> external 
electrode 225, or in a reverse sequence thereto. The current 
flowing through the primary winding 215a generates magnetic flux 
226 (Fig. 10) in the magnetic sheets 216a, 216b. The magnetic 
flux 22 6 generates an electromotive force corresponding to the 

15 turns ratio in the secondary winding 215b. Thus the multi-layer 
transformer 210 functions. 

In the multi-layer transformer 210, a non-magnetic layer 
(the dielectric pattern 213b) is formed between the primary winding 
215a and secondary winding 215b, and therefore magnetic flux 

20 leakage can be suppressed. Moreover, in contrast to the 

conventional multi-layer transformer, there is no need to form 
a dielectric layer by coating the primary winding 215a and secondary 
winding 215b with a dielectric paste, and hence the insulating 
property between the primary windings 215a and between the 

25 secondary windings 215b does not deteriorate and the gap between 
the primary winding 215a and secondary winding 215b does not widen. 
As a result, the electromagnetic coupling coefficient k can be 
increased while maintaining the insulating property between the 
windings. In addition, the insulating property between the 

30 primary winding 215a and the secondary winding 215b is enhanced 
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by the interposition of the dielectric pattern 213b. 

Further, on the composite sheet 214a, the film thickness 
of the central magnetic pattern 211a and peripheral edge magnetic 
pattern 212a is equal to the film thickness of the dielectric 
5 pattern 213a. This applies similarly to the composite sheet 214b. 
Hence, the film thickness of the composite sheets 214a, 214b is 
constant in all locations, and therefore the pair of magnetic 
sheets 216a, 216b sandwiching the composite sheets 214a, 214b 
are also even. On the composite sheet 214a, the central magnetic 
10 pattern 211a and peripheral edge magnetic pattern 212a are formed 
on a single PET film by screen printing and then peeled away from 
the PET film. 

Note that by forming the primary winding 215a and secondary 
winding 215b on either side of the composite sheet 214b, the 

15 composite sheet 214a may be omitted. The secondary winding 215b 
may be formed on the magnetic sheet 216b instead of the composite 
sheet 214b. A composite sheet may be interposed between the 
secondary winding 215b and the magnetic sheet 216b to enhance 
the insulating property of the secondary winding 215b. The 

20 dimensions of each constitutional element correspond to those 
of a sixth embodiment to be described below. 

Fig. 11 is an exploded perspective view showing a sixth 
embodiment of the multi-layer laminated circuit board according 
to the present invention. Fig. 12 is a longitudinal sectional 

25 view taken along a line XII-XII in Fig. 11 following lamination. 
The following description is based on these drawings. 

The multi-layer laminated circuit board of this embodiment 
is identical to those of the first and third embodiments except 
for a multi-layer transformer 230. Hence, only the multi-layer 

30 transformer 230 will be described. 
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The multi-layer transformer 230 comprises: a primary 
winding-forming composite sheet 234a constituted by a central 
magnetic pattern 231a and a peripheral edge magnetic pattern 232a 
formed respectively in the center and on the peripheral edge thereof, 
5 and a non-magnetic dielectric pattern 233a formed in the parts 
other than the center and peripheral edge; a secondary 
winding-forming composite sheet 234b constituted by a central 
magnetic pattern 231b and a peripheral edge magnetic pattern 232b 
formed respectively in the center and on the peripheral edge thereof, 

10 and a non-magnetic dielectric pattern 233b formed in the parts 
other than the center and peripheral edge; a primary 
winding-forming composite sheet 234c constituted by a central 
magnetic pattern 231c and a peripheral edge magnetic pattern 232c 
formed respectively in the center and on the peripheral edge thereof, 

15 and a non-magnetic dielectric pattern 233c formed in the parts 
other than the center and peripheral edge; a secondary 
winding-forming composite sheet 234d constituted by a central 
magnetic pattern 231d and a peripheral edge magnetic pattern 232d 
formed respectively in the center and on the peripheral edge thereof, 

20 and a non-magnetic dielectric pattern 233d formed in the parts 
other than the center and peripheral edge; a secondary 
winding-protecting composite sheet 234e constituted by a central 
magnetic pattern 231e and a peripheral edge magnetic pattern 232e 
formed respectively in the center and on the peripheral edge thereof, 

25 and a non-magnetic dielectric pattern 233e formed in the parts 
other than the center and peripheral edge; a primary winding 235a 
positioned on one surface of the dielectric pattern 233a around 
the center thereof; a secondary winding 235b positioned on one 
surface of the dielectric pattern 233b around the center thereof; 

30 a primary winding 235c positioned on one surface of the dielectric 
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pattern 233c around the center thereof; a secondary winding 235d 
positioned on one surface of the dielectric pattern 233d around 
the center thereof; and a pair of magnetic sheets 236a, 236b 
sandwiching the composite sheets 234a to 234e, the primary windings 
5 235a, 235c, and the secondary windings 235b, 235d and contacting 
each other via the central magnetic patterns 231a to 231e and 
peripheral edge magnetic patterns 232a to 232e. 

In other words, it can be said that the primary winding 
235a is positioned on the other surface of the dielectric pattern 

10 233b, the secondary winding 235b is positioned on the first surface 
of the dielectric pattern 233b, the secondary winding 235b is 
positioned on the other surface of the dielectric pattern 233c, 
the primary winding 235c is positioned on the first surface of 
the dielectric pattern 233c, the primary winding 235c is positioned 

15 on the other surface of the dielectric pattern 233d, and the 
secondary winding 235d is positioned on the first surface of the 
dielectric pattern 233d. 

The composite sheets 234a to 234c and the magnetic sheet 
236a are provided with through holes 240, 241, 242 for connecting 

20 the primary windings 235a, 235c, The composite sheets 234a to 
234d and the magnetic sheet 236a are provided with through holes 
243, 244, 245 for connecting the secondary windings 235b, 235d. 
Primary winding external electrodes 24 6, 247 and secondary winding 
external electrodes 248, 249 are provided on the lower surface 

25 of the magnetic sheet 236a, Conductive bodies are inserted into 
the through holes 240 to 245, The central magnetic patterns 231a 
to 231e, peripheral edge magnetic patterns 232a to 232e, and 
magnetic sheets 236a, 236b form the core of the multi-layer 
transformer 230, 

30 Note that Figs. 11 and 12 are schematic diagrams, and 
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therefore the number of turns in the primary windings 235a, 235c 
and secondary windings 235b, 235d, as well as the positions of 
the through holes 240 to 245, do not correspond exactly between 
Figs. 11 and 12. Furthermore, in Fig. 12 the film thickness 
5 direction (up-down direction) is enlarged to a greater extent 
than the width direction (left-right direction) . 

Examples of the actual dimensions of each constitutional 
element will now be given. The magnetic sheets 236a, 236b have 
a film thickness of 100|am, a width of 8mm, and a depth of 6mm. 

10 The composite sheets 234a to 234e have a film thickness of 50Km, 
a width of 8mm, and a depth of 6mm. The primary windings 235a, 
235c and secondary windings 235b, 235d have a film thickness of 
15nm and a line width of 200|im. A practical number of laminated 
sheets constituting the multi-layer transformer 210, 230 is 

15 approximately 10 to 50 sheets. 

On the primary side of the multi-layer transformer 230, 
current flows in a sequence of external electrode 24 6 -> through 
hole 242 primary winding 235c through hole 241 -> primary 
winding 235a —> through hole 240 external electrode 247, or 

20 in a reverse sequence thereto. Meanwhile, on the secondary side 
of the multi-layer transformer 230, current flows in a sequence 
of external electrode 24 9 -> through hole 245 secondary winding 
235d through hole 244 secondary winding 235b -> through hole 
243 external electrode 248, or in a reverse sequence thereto. 

25 The current flowing through the primary windings 235a, 235c 
generates magnetic flux 250 (Fig. 12) in the central magnetic 
patterns 231a to 231e, the peripheral edge magnetic patterns 232a 
to 232e, and the magnetic sheets 236a, 236b. The magnetic flux 
250 generates an electromotive force corresponding to the turns 

30 ratio in the secondary windings 235b, 235d. Thus the multi-layer 
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transformer 230 functions. 

In the multi-layer transformer 230, a non-magnetic layer 
(the dielectric patterns 233b to 233d) is formed between the primary 
windings 235a, 235c and secondary windings 235b, 235d, and 
5 therefore magnetic flux leakage can be suppressed. Moreover, 
in contrast to the conventional multi-layer transformer, there 
is no need to form a dielectric layer by coating the primary windings 
235a, 235c and secondary windings 235b, 235d with a dielectric 
paste, and hence the insulating property between the primary 

10 windings 235a, the primary windings 235c, the secondary windings 
235b, and the secondary windings 235d does not deteriorate, and 
the gaps between the primary windings 235a, 235c and the secondary 
windings 235b, 235d do not widen . As a result, the electromagnetic 
coupling coefficient k can be increased while maintaining the 

15 insulating property between the windings. In addition, the 

insulating property between the primary windings 235a, 235c and 
the secondary windings 235b, 235d is enhanced by the interposition 
of the dielectric patterns 234b to 234d. 

Further, on the composite sheet 234a, the film thickness 

20 of the central magnetic pattern 231a and peripheral edge magnetic 
pattern 232a is equal to the film thickness of the dielectric 
pattern 233a. This applies similarly to the composite sheets 
234b to 234e. Hence, the film thickness of the composite sheets 
234a to 234e is constant in all locations, and therefore the pair 

25 of magnetic sheets 236a, 236b sandwiching the composite sheets 
234a to 234e are also even. 

Needless to say, the present invention is not limited to 
the first through sixth embodiments described above . For example, 
the number of each sheet type and the number of primary windings 

30 and secondary windings may be determined arbitrarily . The primary 
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winding and secondary winding are not limited to a spiral shape, 
and may be formed by overlapping a large number of L shapes. 

INDUSTRIAL APPLICABILITY 
5 According to the multi-layer laminated circuit board of 

the present invention,, a further decrease in the size of electronic 
equipment can be realized by maximizing the advantages of a small, 
light, thin multi-layer transformer. 
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